1
The recent advances in molecular genetics (Gershon et al. 1987) have given a new impetus to the search for biological markers of depression. It is now feasible to use molecular techniques to study the functional expression of specific genes associated with clearly defined marker abnormalities in patients with depression. Such studies could yield valuable information regarding the classification and aetiology of depressive disorder and would be a valuable approach to complement linkage study. While linkage study alone has the potential to demonstrate an association between a small area of the genome and a clinical diagnosis, it offers no information about disease mechanisms at the molecular level. Our present ability to conduct innovative functional molecular investigations is limited principally by the difficulty of demonstrating reliable biological abnormalities in groups of depressed patients.
More recent studies of biological markers in depression have used notably improved methodology incorporating large groups of carefully diagnosed, drug-free patients. This has resulted in the more convincing validation of some putative markers, and the undoing of others. A number of other important issues have emerged. First, is an identified biological abnormality a state marker, present only when the patient is depressed or (possibly more relevant for genetic studies) does it persist into clinical recovery and thus represent a trait abnormality, an indicator, perhaps, of vulnerability to the disorder? Secondly, what is the specificity of the proposed marker to depressive disorders? Does it occur in other conditions such as obsessional neurosis or panic disorder? Thirdly, can the biological abnormality be accounted for in terms of the epiphenomena of the depressed state such as weight loss or sleep disturbance? Some recent biological marker studies are considered below with these points in mind.
STUDIES OF PERIPHERAL BLOOD CELLS
Platelets and lymphocytes have been widely used in biological marker studies of depression, mainly because they are readily accessible and possess receptors that resemble pharmacologically monoamine receptors in the brain (Elliott, 1984) . The platelet also has an active uptake mechanism for 5-HT similar to that of 5-HT nerve terminals (Sneddon, 1973) . The platelet 5-HT uptake site can be labelled by tritiated imipramine and early reports suggested a striking decrease in the number of platelet imipramine binding sites in depressed patients (Briley et al. 1980) . More recently the literature has been rather contradictory and a recent multicentre WHO study failed to find any evidence of diminished imipramine binding in a large series of unmedicated depressed patients (WHO, 1990) . The status of lowered imipramine binding as a biological marker of depression is therefore dubious. The reasons for the discrepancies between different studies have been attributed variously to methodological errors in ligand-binding assay techniques, previous drug treatment or a modulatory effect of cortisol hypersecretion (Cowen, 1989; WHO, 1990) .
Reports have continued to appear of increased brain 5-HT 2 receptor density in post-mortem studies of depressed patients and suicide victims (Arora & Meltzer, 1989 a; Yates el al. 1990) , though there are also negative studies (Cheetham et al. 1988) . It is therefore of interest that some investigations have revealed an increase in the number of 5-HT 2 receptors in platelet preparations from depressed patients (Arora & Meltzer, 19896; Pandey et al. 1990 ). In our laboratory, however, we found no difference in platelet 5-HT 2 receptor binding between drug-free depressed patients and controls ) but we have obtained consistent evidence that platelet 5-HT 2 receptor number is increased by tricyclic antidepressant treatment (Cowen et al. 1986 . Clearly, persisting effects of previous tricyclic treatment could be an important confounding variable in the study of platelet 5-HT 2 receptors in ' drug-free' depressed patients. Until further information on this point is available, claims that increased platelet 5-HT 2 receptor binding is a biological marker of depression should be received with caution.
In contrast to the discord that attends platelet binding studies there is good agreement that when lymphocytes from depressed patients are stimulated in vitro with isoprenaline there is a significant attenuation of the usual increase in cyclic adenosine monophosphate (cAMP). This indicates a subsensitivity of lymphocyte /?-adrenoceptors, though whether this results from loss of /?-adrenoceptors or their functional uncoupling from adenylate cyclase is unclear (Pandey et al. 1987; Halpern et al. 1988) .
Interestingly, a recent study reported that the blunted lymphocyte cAMP response of depressed patients was restored to normal by a course of electroconvulsive therapy (ECT) (Mann et al. 1990) , suggesting that subsensitivity of lymphocyte /?-adrenoceptors is a state rather than a trait marker of depression. Why this subsensitivity should develop during depression is unknown but it could represent a secondary consequence of elevated catecholamine levels or cortisol hypersecretion (Halpern et al. 1988) . If such mechanisms are indeed involved, the relevance of the subsensitivity of lymphocyte /?-adrenoceptors to the direct aetiology of the depressed state would be rather questionable. Studies on the density of /?-adrenoceptors in the cerebral cortex of depressed suicide victims have been contradictory with both increased (Mann et al. 1986 ) and decreased (De Paermentier et al. 1990 ) numbers of binding sites reported. The advent of isotopic methods of imaging brain receptors in vivo may allow resolution of this controversy (Sedvall et al. 1986 ).
STUDIES OF CATION TRANSPORT
Biochemical studies of erythrocytes and platelets have demonstrated an altered activity of the cation transport enzyme, sodium + potassium activated adenosine triphosphatase (the sodium pump), in unipolar depression and in the depressed and manic phases of bipolar illness (Naylor et al. 1973 (Naylor et al. , 1974a Sengupta et al. 1980; Akagawa et al. 1980) . Some studies have shown a normalization of these changes following clinical recovery or after treatment with lithium salts (Hokin-Neaverson et al. 1976; Naylor et al. 19746, 1977) . These in vitro studies point to a state-related abnormality in cation transport in unipolar depression and bipolar illness (see Wood, 1987) .
Our own investigations, using oral rubidium loading to study the activity of the sodium pump in vivo, have confirmed that drug-free manic patients have increased pump activity (Wood et al. 1989 a) . However, of particular interest was the finding that the change in sodium pump activity produced by lithium was qualitatively different between manic patients and healthy controls (Wood et al. 19896, c) , suggesting that the sodium pump enzyme expressed in bipolar patients may have altered regulatory properties. This could indicate a trait abnormality in sodium pump genes/proteins.
We have also measured the adaptive ' up-regulatory' responses of the lymphocyte sodium pump in vitro to standard biochemical stimuli. We studied two groups of euthymic patients with DSM-III-R bipolar illness, one receiving no medication, the other taking lithium alone; all patients had been in clinical remission for at least six months. In both patient groups the usual up-regulation of the sodium pump was significantly attenuated compared to healthy controls (Wood et al. 1991) . Our findings confirm and extend the earlier work of Naylor & Smith (1981) who found similar changes but in patients recently recovered and withdrawn only briefly from psychotropic drug treatment. These results, pointing to a trait abnormality of sodium pump regulation in bipolar patients, are of particular interest in view of increasing knowledge of the molecular genetic diversity and control of sodium pump expression (Famborough, 1988) .
•
STUDIES OF NEUROENDOCRINE RESPONSES
Abnormalities in cortisol secretion are well established in depressive illness and are generally regarded as state markers of the disorder (Abou-Saleh, 1988) . Recent studies, however, have cast doubt on the specificity of the association of cortisol hypersecretion with depression (Braddock, 1986) and have also indicated the important contribution that weight loss may make to the observed endocrine abnormalities (Mullen et al. 1986 ). Despite these caveats there is great interest in the role of corticotropin releasing hormone (CRH) in the pathogenesis of both the hypersecretion of cortisol and other core features of the depressive state (Nemeroff, 1988) . CRH functions both as a hypothalamic releasing factor and as a neurotransmitter in cortex and limbic regions, and its administration to animals produces changes in neuroendocrine regulation, sleep and appetite that parallel those seen in human depressive disorders (Nemeroff, 1988) . It has therefore been suggested that increased secretion of CRH may play an aetiological role in the development of depression, and there is some evidence to support this proposal. For example, the ACTH response to exogenous CRH is blunted in depressed patients (Amsterdam et al. 1987 ) and this has been taken as evidence for pre-existing CRH hypersecretion. A similar interpretation has been made of the decreased number of CRH binding sites found in the cerebral cortex from suicide victims ). There are also reports of increased CRH concentrations in cerebrospinal fluid (CSF) of depressed patients (Banki et al. 1987) . Further studies on the specificity of CRH abnormalities for depression will be of great interest.
Neuroendocrine challenge tests are probably one of the most reliable ways of demonstrating abnormal monoamine function in depressed patients. There is general agreement that the growth hormone response to the a 2 -adrenoceptor agonist, clonidine, is blunted in depressed patients (see Katona et al. 1987) and it seems likely that this abnormality persists following recovery and withdrawal of antidepressant treatment (Mitchell et al. 1988) . Recent findings, however, have revealed that the GH response to clonidine is also blunted in patients with panic disorder (Nutt, 1989) , though this might be accounted for by the substantial co-morbidity of panic disorder and major depression (Stein et al. 1990) . Another important issue is the effect of previous tricyclic antidepressant treatment. It has been established for some time that tricyclic antidepressant therapy may suppress the growth hormone response to clonidine (Corn et al. 1984) , but recent studies suggest that this effect may still be apparent many months after tricyclic withdrawal (Schittecatte et al. 1989) . Clearly this could pose problems in distinguishing the effect of illness from that of previous treatment.
There is also fairly good agreement that the prolactin response to drugs that increase brain 5-HT function (L-tryptophan, clomipramine, fenfluramine) is reduced in depressed patients, but factors such as weight loss may need to be taken into account (see Cowen & Anderson, 1991) . In addition, the growth hormone response to the 5-HT precursor, L-tryptophan, has been shown to be substantially attenuated in three large, well-controlled studies of major depression (Koyama & Meltzer, 1986; Deakin et al. 1990) . The endocrine responses to Ltryptophan are not diminished in patients with panic disorder (Charney & Heninger, 1986) or obsessional neurosis (Charney et al. 1988) . Recently, in collaboration with workers in Manchester we have found that both the prolactin and growth hormone responses to L-tryptophan are restored to normal following clinical recovery of depressed patients and withdrawal of antidepressant treatment (Upadhyaya et al. 1991) .
Taken together these studies suggest that blunted 5-HT-mediated prolactin and growth hormone responses appear to have some specificity for the presence of depressive illness and probably represent a state marker of the disorder. Further studies are currently being undertaken to identify more precisely the nature of the abnormality in 5-HT synaptic function, and to determine if the presence of decreased 5-HT neuroendocrine responses has implications for treatment response and clinical outcome.
STUDIES OF SLEEP
Impairment of sleep is a hallmark of depressive illness and the architecture of the sleep electroencephalogram (EEG) is often disturbed in a characteristic way (Reynolds & Kupfer, 1987 ). An abnormally short latency to the onset of rapid eye movement (REM) sleep is a fairly common finding in depressive illness, though similar changes have been reported in other psychiatric disorders, including schizophrenia (Campbell & Gillin, 1987) . There is, however, growing interest in the possible persistence of shortened REM latency in recovered depressed patients who have been withdrawn from medication (Rush et al. 1986) . There is also a report that patients with short REM latencies are more likely to have first-degree relatives similarly affected and that these relatives have a significantly increased risk of developing depressive disorders (Giles et al. 1988) .
These findings offer the intriguing prospect of developing family-based studies in which the clinical diagnosis of depression can be correlated with a reliable biological trait marker. However, it must be noted that most of the patients whose sleep architecture has been studied longitudinally have repeated episodes of illness and are often withdrawn from medication for only short periods. In addition, not all workers agree that abnormal REM latency persists into clinical remission (Berger et al. 1989) . Nevertheless, the tantalizing association between disturbances of sleep and affect makes such investigations well worth undertaking. In addition, the availability of ambulatory cassette EEG recording, which permits measurement of the sleep EEG in patients' own homes, greatly eases the technical and logistical difficulties associated with sleep laboratory studies (Sharpley et al. 1990 ).
CONCLUSION
Despite much effort there is still no biological marker of depression which reliably and specifically distinguishes depressed patients from those with other psychiatric disorders or from healthy controls. As far as trait markers are concerned the most promising candidates appear to be abnormalities in REM sleep, in cation transport mechanisms and in the growth hormone response to clonidine, while the blunted endocrine responses to L-tryptophan appear to be a fairly reliable state marker.
The potential application of molecular genetic techniques to the further study of these marker abnormalities lies in two main areas. First, application of molecular techniques, designed to investigate the transcription of RNA and the translation of polypeptides, to the study of reliable trait markers will potentially yield information about the genes and functional genetic abnormalities which contribute to the underlying predisposition to develop depression, and it is perhaps logical that these studies should be pursued initially. Secondly, however, it would be of interest to study, in a similar manner, the molecular mechanisms of reliable state related markers, as these might give valuable information about processes which lead directly to the development of symptoms in susceptible individuals, in response to triggering stressors. 
